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Abstract 
The Moderate-resolution Imaging Spectroradiometer (MODIS) has provided finer time resolution data and spectral 
resolution. These data are useful for long-term monitoring of the surface of the Earth. However, remotely sensed data is 
usually affected by some temporal factors. The induced inconsistency weakens the reliability of satellite-based change 
studies. For reliable change detection applications, these temporal factor-induced changes must be clarified in theory. 
This study examined the quantitative relationship between pixel values of pseudo-invariant features (PIFs) across time, 
and clarified temporal factor-induced influences on MODIS data. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords: MODIS, quantitative temporal relationship, pseudo-invariant features 
Introduction 
A satellite sensor records the top-of-atmosphere (TOA) radiance, which is affected by several temporal 
factors. All the temporal factors induced inconsistencies in multi-temporal images. For reliable change 
detection applications and faithful use of any quantities derived from the data, these temporal 
factor-induced changes must be clarified in theory and minimized in practice. 
The pseudo-invariant feature (PIF) technique is an effective method to minimize the temporal 
factor-induced changes. It uses the empirically linear relationship between digital number˄DN˅of PIF 
pixels in the same area over time. However, the associated errors in the conversion are generally hard trace 
in the converted quantity, and the reliability of the quantities derived from relatively corrected data can be 
questionable if the temporal-factor induced uncertainty is not clarified. Liu et al. (2006) derived a 
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multi-temporal quantitative relationship for the DN-value of PIF pixels. The quantitative relationship was 
only validated using multi-temporal Landsat-5 TM images. The quantitative relationship assumed that a 
PIF be a Lambertian surface, and the validated data has a high spatial resolution (Landsat-5 TM images). 
For the moderate resolution remote sensing data, the multi-temporal quantitative relationship for the 
DN-value of PIF is not clarified, and it needs examination. 
Methodology 
The quantitative temporal relationship. The pseudo-invariant features (PIFs) mean the spectral 
reflectance properties of sampled pixels have not changed during a time interval [1]. If a PIF can be 
approximated as having a Lambertain surface, the quantitative relationship between the digital numbers 
(DN) of PIF pixels can be described as follows[3,4]: 
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where DN denotes the digital number, G is the band-specific sensor calibration gain (in DNs per unit 
radiance), B is the band-specific sensor calibration bias (in DNs) for zero radiance, d is the Sun-Earth 
distance in astronomical units, E is the exo-atmospheric solar irradiance (w m-2 um-1), ș is the solar zenith 
angle, Tg is atmospheric absorption, aU is the intrinsic atmospheric reflectance due to Rayleigh and aerosol 
scattering, Ts is the total downward atmospheric transmission along the Sun-target path, and Tv is the total 
upward atmospheric transmission along the target-satellite path. The subscript 0 like DNPIF,0 in variables 
denotes the pixel value taken at time t0, and DNPIF taken at time t [3, 4].  
For the MODIS L1B data, the band-specific TOA (top of atmosphere) reflectance and radiance calibration 
parameters have been given. The radiance product can be expressed as the following equation: 
 
L=Gradiance ( DN - Bradiance )                                                                                                                     (2) 
 
Where Gradiance and Bradiance the band-specific sensor calibration gain and bias. And for the MODIS 
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  and B=B0=0 in the equation (1). Incorporated with 
equation (1), the quantitative relationship between PIF pixel values of MODIS L1B data over time can be 
derived as  
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Temporal factors can contribute to pixel values  in the first component and the second component. The first 
component in the equation (4) comprises atmospheric transmission, sensor gain, the Sun-Earth distance, 
and the solar zenith angle. The second component in the equation (4) comprises atmospheric transmission, 
the solar zenith angle, the Sun-Earth distance, sensor gain and intrinsic atmospheric reflectance. Change in 
the PIF pixel values (DN) reflects temporal factor-induced influences, rather than change in the PIF pixel 
itself. 
The statistical temporal relationship. The multi-temporal PIF pixels in the same locations have a linearly 
statistical relationship. This relationship can be expressed by 
 
DNPIF = aDNPIF,0 + b                                                                                                                             (5) 
 
Where a is the slope and b is the intercept, both of which can be estimated from statistical analysis [1, 2]. 

















                                                                                                                                                              (7)
Where xG is the variance of pixel values in the reference image, yG is the variance in the subject image, 






  [7]. 
Study Area and Data Processing 
The study area is located at the Nanchang City area (28.68eN, 115.89eE) of Jiangxi Province of China. 
There are typically human-made objects with nearly constant reflectivity that is generally independent of 
seasonal variations. The data source is the MODIS L1B (the spatial resolution: 1-2 Band 250m, 3-7 Band 
500m). The selected images obtained times were the 1st, 5th, 61st, 62nd, 84th, 117th, 133rd, 134th, 141st 
and 289th days of the year 2008. All the ten images were free of cloud cover. The 289th day was set to be 
the reference time. The 289th day was near the autumnal equinox when the Sun crosses the celestial equator 
and the solar zenith angle decreases from the equator to the poles.     
Segmentation of PIF pixels is a prerequisite for estimating the statistical relationship between 
multi-temporal PIF pixels. Schott et al. (1988) showed that the infrared band to red band ratio image was 
very effective for classifying water, vegetation and urban features. Subsequently, we estimated the a and b 
in the statistical relationship (5) between the subjective (at time t) and references images (at time t0) [2]. 
The gain value (G) and the Sun-Earth distance (d) were extracted from the MOD02 products. The aerosol 
optical thickness ( aW ) and the solar zenith angle (T ) were extracted from the MOD04 and the MOD03 
products. Atmospheric absorption Tg was set to unity. Path radiance aU can be linked to aW with statistical 
relationships [5]. Atmospheric parameters Ts and Tv can be expressed as functions of wavelength (O ) and 
aerosol optical thickness ( aW ) [6]. Using the values of these parameters the first and second components of 
equation (4) were calculated. 
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Result and Discussions 
Slope a and intercept b in the equation (5) are expected to be mathematically equal to the first and the 
second components in equation (4) if the derived equation hold. Figure 1 compares the relationships 
estimated from the statistical equation (5) and from the derived equation (4) using MOD02 band 1,band 3 
and band 4 (Band 1: 620nm-670nm, Band 3:459nm-479nm, Band 4:545-565nm). The calculated first 
component in equation (4) and the estimated slope (5) had a correlation coefficient of 0.5621 for band 1, 
0.5683 for band 3 and 0.6834 for band 4. The calculated second component in equation (4) and the 
estimated intercept (5) had a correlation coefficient of 0.6588 for band 1, 0.6042 for band 3 and 0.6964 for 
band 3. 
The mean difference is 0.2 between estimated values and predicted values in the slope (see figure 1 b1-a, 
b3-a and b4-a). The mean difference is 200 (DN) between estimated values and predicted values in the 
intercept (see figure 1 b1-b, b3-b and b4-b). The points deviated from the 1:1 line. The deviation is likely 
attributable to neglect of atmospheric absorption and the accuracy of the MODIS to retrieve aerosol optical 
thickness. Further research is expected to validate the deviation. In general, the comparison supported that 
the derived relationship was a quantitative description of PIF pixels across time for the MOD02. 
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Figure 1.Comparison of the coefficients (slope and intercept) in equation (5) and equation (4) in 
MOD02 .b1-a The slope versus the first component for band 1, b1-b The intercept versus the second 
component for band 1; b3-a The slope versus the first component for band 3, b3-b The intercept versus the 
second component for band 3; b4-a The slope versus the first component for band 1, b4-b The intercept 
versus the second component for band 4. 
Conclusion 
Using multi-temporal MOD02 images, the quantitative relationship between PIF pixel values in the same 
area over time was preliminarily validated and had a better result. Further work is to validate and clarify the 
quantitative description of multi-temporal PIF pixels on other bands. The quantitative relationship is 
sensitive to the aerosol optical thickness, so we should examine the accuracy of aerosol optical thickness 
extracted from the MODIS products, and analyze the error sources. 
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